When closed mitral valve surgery was developing in the 1 950s, it soon became appreciated that mitral regurgitation due to rheumatic heart disease was often located posteriorly, and in some instances was due to selective involvement of the posterior cusp of the valve. Much ingenuity was applied to the treatment of mitral regurgitation by closed methods. Pericardial grafts were introduced in attempts to bolster the deficient retracted and fibrotic posterior cusp (Bailey et al., 1954; Vernejoul et al., 1960) , to restrict the regurgitation in the region of the posterior commissure (Bolton et al., 1953; Bailey et al., 1954) or to control regurgitation by the 'flutter tamponade' principle (Bailey et al., 1951) . None of these methods was successful, and when grafted tissue was recovered at necropsy it was found to have lost its flexibility and to have been converted into semi-rigid fibrous tissue, confirming results contained in the experimental laboratory (Moore and Shumacker, 1953) .
The concept of cusp advancement was first introduced in animal experiments (Shumway and Lewis, 1954) , but it was not until 1962 that Sauvage and others described their experimental and early clinical experience with pericardial autografts in the mitral valve introduced under direct vision, followed soon afterwards by Frater et al. (1965) . The technique was further developed, as applied to both the anterior and posterior cusps of the mitral valve, in 1966 (Sauvage and Wood, 1966) .
Theoretically the method had much to recommend it. First, in preserving the patient's own mitral valve and in the use of autogenous graft material, sound surgical principles were being applied to restore structure and function without the introduction of foreign material or of a prosthesis and therefore without the need for anticoagulant therapy. Secondly, in contrast to earlier methods in which pericardium had been used, this method ensured that the graft was subjected to a stress (stretch) which its structure and physical properties might be expected to withstand. Although adaptation to the intracardiac environment to the extent of the graft retaining its microstructure seemed unlikely, it was reasonable to expect that even if it were converted into fibrous tissue, this altered structure would not necessarily mean impairment of function as the grafted valve cusp would necessarily retain bulk in spite of predictable graft shrinkage. This shrinkage was anticipated by using grafts of generous size in the hope that this would restore and maintain an adequate closing surface for the opposing cusp to abut against.
This was the background against which pericardial cusp advancement in carefully selected cases was undertaken in the series here reported. It was considered a good alternative to prosthetic mitral valve replacement or conventional plication annuloplasty (Wooler et al., 1962 In all seven with associated mitral stenosis, a mitral valvotomy was performed before introducing the pericardial graft, and in the patient with associated aortic valve disease the aortic valve was replaced with a homograft.
OPERATIVE PROCEDURE Standard full-flow normothermic perfusion was used in all but three instances when moderate hypothermia was induced during bypass. A left lateral approach was used on seven, and a mid-line approach on four occasions. In all, a diamond-shaped pericardial graft, measuring approximately 10X5 cm, was taken before establishing extracorporeal circulation. Once the mitral valve had been exposed and assessed, valvotomy was undertaken if indicated. The posterior cusp was then detached from the annulus, the line of incision being taken just beyond the commissural angle at each end. The graft was then sutured into position, after rounding off its ends, using continuous sutures, usually locked in each corner and at the mid points on either side (Fig. 1) . The exact size of graft (see Table II ) depended on the size of the defect to be filled and the way the graft matched the edges of the defect as it was being sewn into position. In each case, once the repair was complete and bypass had been stopped, the valve was palpated and the result assessed. In case 9, the valve was tested under direct vision with the heart beating and the aorta clamped (Ross, 1971) (Table II) .
The operations were carried out at Harefield Hospital (6), the Middlesex Hospital (1), and the National Heart Hospital (4). LATE RESULTS All but two of the nine survivors have required re-operation for removal of the reconstructed valve with subsequent prosthetic or homograft replacement (see Fig. 2 ). One (case 2) died soon after his second operation; the remaining eight are alive and well, one (case 8) having had two valve replacements, and one (case 5) having some impairment of left ventricular function, possibly due to coronary damage at the second operation. The pattern of deterioration in all but the patient with pure mitral regurgitation was strikingly similar in that they presented after an interval varying between six months and nine years with signs of combined mitral stenosis and progressively increasing mitral regurgitation. The severity of the mitral stenosis was more than could have been expected on the basis of inadequate valvotomy at the first operation. For example, mitral diastolic gradients of 12 and 17 mmHg were measured in cases 6 and 9 respectively when the patients in question were reinvestigated on deterioration after two and three years ' improvement. 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 = DURATION = -STARR VALVE PERICARDIAL GRAFT ECHOCARDIOGRAPHY This has been carried out in two patients, one (case 7) six-and-a-half years after cusp advancement, and the other immediately before re-operation at five-and-a-quarter years (case 9). Both showed evidence of mitral stenosis (Fig. 3) FINDINGS AT RE-OPERATION The gross appearance of the graft at the second operation has been varied. At five months (case 8) the graft was perfectly pliable, showed no thickening, and was the same size as when inserted. The original operation had failed because of severe disease affecting the subvalve mechanism, not appreciated fully at the time, and not because of changes in the graft.
Those grafts that had been in position for longer periods had all become thicker and, even if ballooned, more rigid (Fig. 4) . The graft at nine years (case 1) was described as aneurysmal and myxomatous in appearance, and three (cases 2, 4, and 9) had small defects in the annular suture line which undoubtedly contributed to the regurgitation present and might theoretically have given rise to diastolic murmurs. None was macroscopically calcified or showed signs of past infection, nor was there thrombus in relation to any of the grafts.
HISTOLOGY Seven of the reconstructed valves, replaced at Harefield Hospital, the National Heart Hospital and the Brompton Hospital, have been examined histologically. Areas selected for histology were blocked in paraffin, and subsequent 5-micron thick sections were stained with haematoxylin and eosin, Weigert's elastic van Gieson, and Martius scarlet blue (Lendrum et al., 1962) .
The graft removed at five months (case 8) showed no thickening; there was preservation of its collagen but complete absence of nuclei. There were only small foci of early degenerative change and the graft was seen to be covered by an incomplete layer of fibrocytes (Figs 5 and 6) .
The graft from case 4 at six years and four months showed considerable thickening and, in common with other long-term specimens examined, it was difficult to define the exact limits of the graft except by identifying pieces of suture material, around which there were foci of calcification. Both surfaces of the pericardial graft were found to be covered by dense, regularly arranged collagen tissue with a normal complement of nuclei. The pericardial remnant was easily identified and showed some preservation of collagen but marked degeneration in other areas. In the intermediate zone between the graft and its fibrous tissue covering lay many small blood vessels (Fig. 7) .
At nine years (case 1) the grafted area showed considerable thickening due to superimposed colla- The histological appearances of the other grafts which had been in situ for between four and six years all showed various stages of graft degeneration and fibrous tissue replacement. None showed any microscopic evidence of bacterial infection or florid surface thrombus, and focal calcification was confined to the region of suture material.
DISCUSSION
The clinical pattern of deterioration with recurrent stenosis and regurgitation is interesting and agrees with the experience of Van der Spuy (1972) , in whose series of 20 pericardial cusp advancements there were 13 long-term survivors. Six of these required re-operation, four for progressive mixed stenosis and regurgitation, one for progressive stenosis, and one for progressive incompetence of the reconstructed valve. Van der Spuy noted that late deterioration was unrelated to the efficacy of the pericardial repair as judged by palpation at the time of the first operation. This observation is also true for the present series, in which seven requiring re-operation included three in whom an apparently perfect initial result had been achieved. One of the two patients who still has a pericardial graft (case 3) had some residual regurgitation, but judged on clinical grounds (re-investigation refused), this regurgitation has remained for over nine years. At re-operation there was no clear evidence that the grafts themselves had been responsible for causing obstruction to the mitral orifice, but it is conceivable that the graft, in bulging towards the ventricle in diastole, might hold the orifice partly closed by displacing the free edge of the posterior cusp towards its fellow. If this were the explanation it might be expected that the more mobile and larger the graft, the more definite the signs of mitral obstruction should be, and that this finding should therefore be most obvious soon after operation. This has happened in one case (Watson, 1967) , but although some of the patients in this series had diastolic murmurs audible soon after surgery, they tended to be short, the signs of important stenosis being a late development.
Whatever the explanation for the stenosis, its occurrence has to be recorded as a consistent disadvantage of the technique. The possibility that, in the valve as a whole, progression of the rheumatic process contributes to this picture cannot be excluded.
The reappearance of regurgitation is easier to understand as the success of the technique depends on graft mobility and the depth of closing surface which the graft provides (Fig. 8) . This fact is easy to appreciate on palpation of the valve immediately after repair when, in systole, the ballooning graft (and not the free edge of the posterior cusp) meets the anterior leaflet to close the valve.
As the graft shrinks by approximately one-third and becomes stiffer this closing mechanism is lost. The only conclusion that can be drawn from the evidence in this series is that, in spite of the increased posterior cusp bulk provided by the graft, it is not sufficient or it is in the wrong place for the anterior cusp to close against. Histologically, the reason for the increase in the thickness of the grafts was seen to be the deposition of fibrous tissue on both the atrial and ventricular surfaces of the graft. This was not evident in the graft recovered at five months, but obvious in those that had been in place for four years or more. There was no evidence of host reaction at the interface between the cusp tissue and the graft, and in the later specimens the junction could not be clearly identified except by the presence of suture material. The presence of blood vessels in the zone between the graft and the overlying fibrous tissue layer, also reported by Sauvage et al. (1966) , suggests that an active process of granulation tissue replacement is responsible for the gradual conversion of the graft into fibrous tissue, and that this process is, in turn, responsible for the increase in thickness of the graft. This may be augmented by the organization of surface fibrin deposits as described by Tweedy (1956) in rheumatic heart disease.
Finally, although the series described is small, the fact that only two of nine long-term survivors still retain acceptable mitral valve function with their pericardial grafts in situ is taken to indicate 
